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We calculate the spectral density and occupations of a system of two capacitively coupled quantum 
dots, each one connected to its own pair of conducting leads, in a regime of parameters in which 
the total coupling to the leads for each dot Fi are different. The system has been used recently to 
perform pseudospin spectroscopy by controlling independently the voltages of the four leads. For 
an odd number of electrons in the system, Fi = F 2 , equal dot levels Ei = E 2 and sufficiently 
large interdot repulsion C /12 the system lies in the SU(4) symmetric point of spin and pseudospin 
degeneracy in the Kondo regime. In the more realistic case Fi 7 / F 2 , pseudospin degeneracy is 
broken and the symmetry is reduced to SU(2). Nevertheless we find that the essential features of 
the SU(4) symmetric case are recovered by appropriately tuning the level difference S = E 2 — Ei. 
The system behaves as an SU(4) Kondo one at low energies. Our results are relevant for experiments 
which look for signatures of SU (4) symmetry in the Kondo regime of similar systems. 

PACS numbers: 73.63.-b, 72.15.Qm, 73.63.Kv 


I. INTRODUCTION 


The Kondo effect, is one of the most studied phenom¬ 
ena in strongly correlated condensed matter systems [l| 
and continues to be a subject of great interest. The ef¬ 
fect is characterized by the emergence of a many-body 
singlet ground state formed by the impurity spin and 
the conduction electrons in the Fermi sea. The binding 
energy of this singlet is of the order of the character¬ 
istic Kondo temperature Tk below which the effects of 
the “screening” of the impurity spin manifest in differ¬ 
ent physical properties. The first observed manifestation 
of the Kondo effect was the logarithmic increase of the 
resistivity as the temperature is decreased in systems of 
magnetic impurities in metals. 0 The same type of be¬ 
havior is present in systems with orbital degeneracy but 
no spin degeneracy. (3| In the last decades, the research 
has moved to nanoscopic systems with semiconducting 
w or molecular (sl-fl^ quantum dots (QDs), with a 
single “impurity”, in which different parameters like on¬ 
site energy and hybridization of the impurity with the 
conduction electrons can be controlled very well. 


In the last years there has been research on Kondo sys¬ 
tems in which in addition to the spin degeneracy, there is 
also degeneracy in other “orbital” degree of freedom such 


that the complete symmetry of the system is very high, 
corresponding to the SU(4) Lie group 11-2^, 31 > 113 ■ 
Some examples are quantum dots in carbon nanotubes 
silicon nanowir es , and organic molecules de¬ 


posited on Au(lll) 


More recently a double QD with strong interdot capac¬ 
itive coupling, and each QD tunnel-coupled to its own 
pair of leads has been experimentally studied. 28 


The occupation of one QD or the other plays the role 


of the orbital degree of freedom, and behaves as a pseu¬ 
dospin. These occupations, the tunneling matrix ele¬ 
ments (coupling to the leads) and the voltages at the 
four leads can be controlled independently. The sys¬ 
tem was proposed by Biisser et al. 27| to control spin- 
polarized currents and is b eing subject of intense theo¬ 
retical research 2^ 2^, 31) 32, 34, [^. Comparing ex¬ 
periment with numerical-renormalization-group (NRG) 
calculation, Keller et al. found evidence of SU(4) Kondo 
behavior. [ 2 ^ However, using renormalized perturbation 
theory (RPT) with parameters obtained from NRG, 
Nishikawa et al. conclude that the experimental sys¬ 
tem is not in the SU(4) regime, particularly because of 
the relatively small value of the interdot repulsion U 12 
in comparison with other parameters. In addition, it 
is in principle a difficult to reach the SU(4) condition 
Ti = r 2 , where F^ = Tsi -|- F^i and F^i is the coupling 
of the source {v = S) or drain {v = D) lead with dot i. 
The total coupling of dot i, F^, corresponds to the line 
width of the local spectral density of dot i in absence of 
Coulomb repulsion and is inferred from experiment with 
the aid of theory. [23 Instead, the energy at each dot Ei 
is easier to control directly by the different applied volt- 
ages as described in the supplementary material of Ref. 


The purpose of the present work is to study to what 
extent the loss of SU(4) symmetry caused by unequal 
couplings Fi 7 ^ F 2 can be restored by tuning the energy 
difference 5 = E 2 — Ei,m. a. regime of parameters in which 
intrasite Ui and intersite U 12 repulsions are much larger 
than the F^. This is related with the concept of emergent 
symmetry i.e., the fact that new symmetries not realized 
in the Hamiltonian describing the system can emerge at 
low energies. 

We use the non-crossing approximation (NCA) which 
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has been applied to similar systems and has the advan¬ 
tage of been easily extensible to the non-equilibrium case 
of finite bias voltages. [2l[2i,[33-l3i In fact, we have pre¬ 
viously studied the conductance of the system of two ca- 
pacitively coupled quantum dots in the general case of 
different finite bias voltages Vi applied to each dot. [ 2 ^ 
We have discussed the conditions to observe an SU(4) —>• 
SU(2) crossover under an applied pseudo-magnetic field 
(5, and non-trivial crossed effects of changes in the conduc¬ 
tance through one QD as a voltage is applied to the other. 
Recently the general non-equilibrium case has been stud¬ 
ied using equations of motion. Sg However, as in most 


previous theoretical studies of the system, Fi = r 2 was 
assumed. An alternative to study the non-equilibrium 
case for small Vi might be to use RPT, 31, 43-42| but its 
extension to the two-dot case and finite 14- seems difficult 


because of the presence of many parameters. 31 


In this paper we calculate the spectral densities pi of 
each dot. They can be addressed experimentally in a sit¬ 
uation with very asymmetric coupling to the source and 
drain leads for each dot i, changing only the voltage to 
the less coupled lead. In fact a ratio Fsi/Frji = 10 or 
0.1 is enough for the differential conductance dl/dV to 
represent accurately ,^29| and a ratio 12 has been used 
in some experiments. [33 1 We show that the main effect of 
different total couplings of both dots Fi 7 ^ F 2 is to intro¬ 
duce an effective pseudo-Zeeman splitting Seg. This can 
be understood by a straightforward generalization of the 
scaling treatment of Haldane for the simplest impurity 
Anderson model (corresponding to the one-dot casel.(43l| 
This i5eff can be compensated tuning the gate voltages so 
that S = E 2 — El = — (5efi leading to an SU(4) behavior 
at low energies. 


The paper is organized as follows. The model is ex¬ 
plained in Section |TT| In Section IHII we explain the main 
differences in the spectral densities in the regimes where 
the SU(4) or SU(2) symmetry and the “transition” be¬ 
tween them. Section IIVI describes the effect of different 
total couplings to the leads F 2 7 ^ Fi. In Section 0 we de¬ 
scribe how tuning the energy levels can compensate the 
effect of different couplings in a restricted energy range. 
Section IVll contains a summary and a discussion. 


II. MODEL 


The system is described by an Anderson model which 
contains as localized configurations a singlet |s) with an 
even number of particles in each dot and two spin dou¬ 
blets \ia) (f = 1 or 2 ) with one additional electron (or 
hole) in QD i. There are four conduction bands which 
correspond to separate source and drain leads for each 


dot. The Hamiltonian is 

H = Es\s){s\+^Ei\ia){i(j\ + ^e^kcl^,,„c^kia 

i<7 ivkG 

+ X! + H.C.), (1) 

ivka 

where create conduction states at the source (y = 

S) or drain {v = D) lead, and Vi is the hopping between 
the lead v and dot i, assumed independent of k. Since 
charge configurations with two particles are excluded, the 
model assumes infinite on-site repulsions Ui and interdot 
repulsion Ui 2 - 

The tunnel couplings of each QD to the leads are F^i = 
2 '^Sfc ~ and we take the unit of energy 

Fi = Fsi-|-F£)i = I unless otherwise stated and (without 
loss of generality) F 2 < Fi 

III. THE SU(4) SU(2) CROSSOVER 

For future comparison, in this section we review the ef¬ 
fect of Zeeman or pseudo-Zeeman splitting on the SU(4) 
Anderson model, [3, [2l|> H^l and the effects of tempera¬ 
ture. 



FIG. 1: Density of states at each dot as a function of energy 
at low temperature T = 5.10“^ = 0.42 Tk in the SU(4) case 
El = —4 and Fi = r 2 = 1. The inset is a detail close to the 
Fermi level. 


In Fig. |T]we show the spectral density of states per spin 
at each dot pi = p 2 (the spin subscript is dropped) in an 
SU(4)-symmetric case Ei = E 2 = —4 and Fi = F 2 = 1. 
We take the half band width D = 10 for all calculations 
presented here. The density pi corresponds to the op¬ 
erators |fo')(0| (see Ref. [3 for details). The density of 
states shows two peaks. The charge-transfer one is broad 
of half width at half maximum near F 1 (two times that 
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in the non-interacting case). The Kondo peak near the 
Fermi level has a half width at half maximum of the or¬ 
der of the Kondo temperature Tr-. As a consequence of 
the increase of degeneracy, the Kondo effect is stronger 
than for the usual SU(2) case. We remind the reader that 
the Kondo temperature for the infinite-C/ SU(N) Ander¬ 
son model is Tk ~ Dexp[7TEi/JN A)] where D is half 
the band width and A = ri/2.[lj The NCA reproduces 
correctly this result, 

From half the width of the spectral density we obtain 
j,^u(4 ) _ Q Jjj comparison with the SU(2) case with 
the same Tk, the Kondo resonance is displaced to higher 
energies and the maximum is clearly above the Fermi en¬ 
ergy which we set as the origin of energies (cf = 0). In 
fact, the SU(4) case is characterized by a high derivative 
of Piiijj) at the Fermi level, leading to a large thermoelec¬ 
tric power. [ 2 ^ 

Although the symmetry is broken immediately when 
even a tiny pseudo-Zeeman splitting 5 is introduced, 
the changes in physical quantities like conductances for 
each dot and occupations are not appreciable until 5 
becomes of the order of In particular, the 

Kondo temperature Tk{5) obtained from the width of 
the Kondo peak displays initially a plateau and then de¬ 
creases strongly for 5 > We have obtained that 

our NCA results for Tk{5) can be very well represented 
by a simple equation obtained from a variational wave 
function 


Tk = {{D + 6)D exp [7rF;i/(4A)] -f - S/2. (2) 

times a factor of the order of 1 (0.606 for the parameters 
usedl. [iljl 



FIG. 2: Density of states of dot 1 (main figure) and dot 2 
(inset) as a function of energy at low temperature T = 5 x 
10“® for El = —4, E 2 = El+5 with <5 = 0.5 and Fi = r 2 = 1. 


corresponds to the lowest lying level (1 in our convention) 
develops a peak at energy near —S while the other density 
(P 2 ) displays only a peak near -|-(5 but no Kondo peak. 

It is interesting to see the evolution of the side peaks 
at ±(5 with temperature. It is shown in Fig. [31 At high 
temperatures T > S both spectral densities are similar. 
As the temperature is lowered below 6 the side peaks 
start to develop. In addition, as the total occupation of 
dot 1 ni = ni-j- -I- riij, increases and that of dot 2 ( 712 ) 
decreases, the charge transfer peak of dot 1 (2) increases 
(decreases). In the figure, due to the restricted energy 
range, only the tail of this peak is visible, but the above 
mentioned effect is clear. The changes in rii as a func¬ 
tion of S were studied before, [l^ l31| At temperatures 
below Tk{6) = 0.155 (Tr-( 0.5) = 0.155 in the figure), the 
Kondo peak develops in pi. The width of both side peaks 
is of the order of Tk{0) = 




FIG. 3: Density of states of (a) dot 1 and (b) dot 2 as a 
function of energy for different temperatures. Parameters as 
in Fig. [2] 


For S > the changes in the spectral density 

at low temperatures are dramatic, as shown in Fig. [2] 
The Kondo peak narrows [following Eq. ([2])], and shifts 
towards the Fermi energy. The density of the dot that 


It is important to recall that in general, in the pres¬ 
ence of both Zeeman and pseudo-Zeeman splitting, the 
spectral density at the Fermi level at zero temperature 
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for dot i and spin a is related to the corresponding oc¬ 
cupation by the Friedel sum rule generalized for orbital 
degeneracy. 0 We assume that the Fj and the unper¬ 
turbed densities of conduction states are independent of 
energy. Since Tk{5) is always much smaller than typical 
scales of variations of this parameters, this assumption is 
realistic. In this case, the Friedel sum rule simplifies to 

HEii 


= —;-S\T?{TTni^). 

ttA 


(3) 


At d = 0 the four occupations Uia are slightly below 
1/4 (the total occupation is below 1 because of a finite 
small occupation of the singlet |0)). For finite 5 and 
high temperatures in comparison with 5, also all ma are 
slightly below 1/4. As the temperature decreases below 
5, with 5 large in comparison with Tx(0) nia increase 
towards 1/2 while decrease towards 0. The Friedel 
sum rule implies that at T = 0, TrApic is slightly below 
1/2 in the SU(4) case, while well inside the SU(2) regime, 
TrApicr —>■ 1 (or slightly below) and 7rAp2CT —^ 0. The 
NCA has an error of the order of 15 % in the Friedel sum 


rule, but the tendencies are well reproduced. 211 


Scaling down to a cutoff C one obtains 

= (4) 

jcr' ^ ^ 

In our case in which the couplings are independent of 
spin, this leads to an effective splitting 

i., = T(r.-r,)!.(§). (5) 



IV. EFFECT OF DIFFERENT COUPLINGS FOR 
DEGENERATE LEVELS 

Starting from degenerate levels Ei = E 2 = Ed, the 
main effect expected from different total hybridizations 
Fi yf F 2 is to generate an effective pseudo-Zeeman split¬ 
ting deff = E 2 — E*, where E* are renormalized energy 
levels. This can be seen generalizing the theory used by 
Haldane based on poor man’s scaling to find E* for the 
case of one level. |43| One proceeds integrating out the 
states near the top (with energy +D) and bottom (en¬ 
ergy —D) of the conduction band. The localized state 
can be empty with energy cq or occupied with energy 
Bia-- After renormalization, the energy necessary to add 
one localized particle is E*^ = Cia — bq- The renormal¬ 
ization is caused by the possible processes of destroying 
an electron in the localized level and creating it in the 
conduction band or vice versa. When being integrating 
out, each state near the bottom of the conduction band 
contributes to lowering the energy of the empty state eg 

by 

V2 

Z(T 

Ed + D 

Similarly the states near the bottom of the conduction 
band lower the energy of the occupied state Bia by 


D- Ed' 


FIG. 4: (color online) Density of states of dot 1 (full lines) 
and dot 2 (dashed lines) as a function of frequency for low 
temperatures {T = 5.10“®), E\ — E 2 = —4, Fi = 1, and 
several values of r 2 . The inset shows a detail near the Fermi 
energy. 

In Fig. Uwe display the spectral density of states for 
three cases with Fi > r 2 . A comparison with the results 
of the previous section indicates that the effects of differ¬ 
ent total coupling to the leads for both dots are similar 
to those of a splitting of the energy levels. The Kondo 
peak at the Fermi energy narrows and displaces towards 
the Fermi energy and a side peak appears for each dot, 
at negative (positive) energies for the more (less) coupled 
dot. For the case F 2 = 0.9, only 10 % less than Fi, the 
side peak in px appears as a shoulder to the left of the 
Kondo peak rather than being well separated, because 
the effective splitting i5eff Ri 0.029 is of the order of the 
Kondo temperature for F^ = 1, = 0.012. 

The positions of the side peaks allow us to infer the 
values of the effective splitting within the NCA. They are 
listed inside Fig. |3]as 5 and represented in Fig. [5]together 
with the result of Eq. ([S]) with a cutoff C =\Ed/2\. In his 
sca ling calculation, Haldane used a cutoff of the order of 
ri,[43| while in a recent detailed study of the prefactor of 
the Kondo temperature of the SU(4) case, Filipone et al. 
used C = \Ed\/a with a of the order of l.js^ We obtain 
a better agreement with the NCA results using the latter 
choice. The good agreement between both approaches 
(in spite of the corresponding limitations of each one) 
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FIG. 5: Effective splitting as a function of r 2 . (color online) 
The dashed blue line is the result from Eq. with C = 
\Ed/2\. Other parameters as in Fig. |4] 


seems to confirm the physical picture of the main effect 
of different couplings. 


V. RESTORING SU(4) SYMMETRY 

After the results of the previous section, the question 
arises if introducing a real splitting 5 = E 2 — Ei such 
that it compensates the effect of different couplings (so 
that 5 + (5eff = 0), the SU(4) symmetry can be restored 
in the low-energy properties tested by conductance mea¬ 
surements. Clearly the symmetry remains broken at the 
Hamiltonian level, so that one cannot expect a higher 
symmetry at all energies. Therefore, we search for indi¬ 
cations of a low-energy emergent symmetry. 

In Fig. [6] we show the temperature dependence of the 
total occupations (adding both spins) at each dot for a 
splitting such that 5 + <5eff ~ 0 according to the results 
of the previous section. At high temperatures, of the or¬ 
der of r, ni Ki n2, although 712 (the occupation of the 
less hybridized doublet lying at lower energy) is slightly 
larger. As the temperature is lowered by two order of 
magnitude, the situation is similar, although 712 — tii first 
increases slightly and then decreases. At temperatures 
below 712 ~ changes sign and increases in mag¬ 

nitude, signaling a complete loss of SU(4) symmetry for 
T —>■ 0. However, it is possible to tune 5 so that the 
condition 712 = tii (implied by SU(4) symmetry) is sat¬ 
isfied at any given temperature. Conversely, for a given 
(5, T can be varied so that 712 = tii at T = Tocc{5). In 
fact, the choice <5 = —Jeff with Jeff extracted from the 
position of the satellite peaks is a good initial guess, but 
tuning 6, Tocc(<5) can be reduced by orders of magnitude, 
as shown in Fig. [T] This tuning is very time consuming 
for our numerical procedure to solve the selfconsistent 
set of NCA equations (for details see for example Ref. 
IH) because the procedure has to be repeated for sev¬ 
eral “guessed” values of d near Sc, where Sc is defined by 
Tocc(Sc) = 0. In addition the NCA cannot reach arbi- 


ni 


ni 


ni 





T 


FIG. 6: (color online) Total occupations of dot 1 (black) and 
dot 2 (red) as a function of temperature for Ei = —4, E 2 = 
El -b (5, Fi = 1, and (a) r 2 = 0.5, <5 = -0.13, (b) r 2 = 0.7, 
S = —0.08 and (c) r 2 = 0.9, S = —0.03. The case h = 0 
(dashed lines) is shown for comparison. 


trarily small temperatures. It is interesting to note that 
we find that Tocc{S) has a nearly exponential dependence 
near Sc- As S is varied between -0.13 and -0.131, Tocc de¬ 
creases from 10“^ (of the order of to 10“"*’. Note 

that for sufficiently negative S {S < Sc), ri 2 remains larger 
than 77i and there is no crossing point with ni = 712 . 

If Til = 712 at r = 0 (for S = Sc), the Fridel sum rule Eq. 
([3]) implies also that the spectral densities at the Fermi 
energy are equal: pi(0) = P2(0). This is difficult to test 
in a conductance measurement, because the conductance 
through each dot is proportional to the asymmetry factor 
Ai = 4Fsir£)i/(rsi + Tui)'^, and these factors are not 
easy to be determined precisely. H, 3^ However, as we 
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FIG. 7: (color online) Total occupations of dot 1 (black) and 
dot 2 (red) as a function of temperatnre for T 2 = 0.5, and sev¬ 
eral values of 5 = 0, -0.12, -0.13, -.1305, -0.131, -0.1311. 
Other parameters as in Fig. [6] 


have explained the line shape of the spectral densities are 
very different in the SU(4) and SU(2) regimes, not only 
because of the presence of the satellite peaks but also 
for the different shape of the Kondo peak which in turn 
implies for example a different temperature dependence 


t emp ' 

of the equilibrium conductances, (l^ 124 128| 

In Fig. Owe show the evolution of the low-temperature 
densities of states with <5, as the crossing point ni = 712 
is approached lowering 6 from 0. The first rather obvi¬ 
ous change is that as ni decreases and 712 increases, the 
weight of the corresponding charge-transfer peaks near 
w = —4 change roughly proportional to until they 
become almost coincident. The changes near the Fermi 
energy are more subtle and they resemble the opposite of 
those reported in section lllll the side peaks move towards 
the Fermi energy, the Kondo resonance in pi(w) broad¬ 
ens and displaces partially to higher energies, a Kondo 
resonance appears in p 2 {uj) and both densities tend to 
merge. 


As explained at the beginning of this section, we do not 
expect that for any parameters, pi(w) and /92(w) coincide 
for all energies. In Fig. 0 we compare both densities 
at T = Tocc(()) for a 10 % mismatch in the F^. The 
charge-transfer peaks look identical, but the maxima of 
the Kondo resonances differ by about 10 %, being higher 
for dot 2 (the lowest lying and less hybridized level). The 
magnitude of Pi{0), the densities at the Fermi level are 
also slightly different being p 2 ( 0 ) > Pi(0) by near 10 
%. This might be an effect of finite temperature or of 
the inaccuracy of the NCA to reproduce the Friedel sum 
rule Eq. Q. In any case, the shape of both densities 
are characteristic of the SU(4) regime and they are quite 
similar. 


Depending on the particular property that is studied. 
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FIG. 8: (color online) Spectral density of dot 1 (black) and 
dot 2 (red) as a function of energy for several values of — <5 ; 
0, 0.05, 0.1, 0.12, 0.13, 0.1305 and 0.1309. The upper figure 
corresponds to an extended energy range. The temperature 
is T « 5.10“®. Other parameters as in Fig. [3 The curves for 
5 7 ^ 0 are shifted with a vertical offset for clarity. 
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the tuning of the parameters is slightly different to get 
the effective SU(4) symmetry for this property. This is 
illustrated in Fig. (TUI where the densities of states are 
compared for two conditions different from ni = 712 dis¬ 
cussed above. In Fig. [TOltop, the parameters are tuned in 
such a way that the densities coincide at the Fermi level: 
pi(0) = P2(0). This condition render the densities of 
states very similar in the whole energy range. The occu¬ 
pations are slightly different, tii = 0.470 and 772 = 0.465, 
signaling a deviation from the Friedel sum rule, Eq. © 
valid at T = 0. The maximum of the Kondo resonance 
of the doublet 2 (that with lowest energy) is higher, al¬ 
though both maxima lie nearly at the same position, 
and the shape of the resonance corresponds to the SU(4) 
Kondo effect. However the half width at half maximum 
are slightly different: Tki = 0.0098 and Tk 2 = 0.0091 
for doublets 1 and 2 respectively. 

In Fig. (TU] bottom, the parameters are chosen to get 

























































7 


n. 

1 

0.469 

0.468 

0.467 

0.466 



0.0006 0.0008 0.001 


T 



FIG. 9: (color online) (a) Occnpation as a function of tem¬ 
perature and (b), (c) spectral density at T = Tocc{S) as a 
function of energy of dot 1 (black) and dot 2 (red), for Fi = 1 
and F 2 = 0.9, Ei = —4, and 5 = —0.031. 


the same value of the maximum of the Kondo resonance 
prnax _ pmax_ ^^gn this Condition is satisfied, the 
weight of the charge transfer peak (and the corresponding 
occupation rii) for each doublet differ, being larger for dot 
1. The resonance in p 2 is displaced slightly to the right 
with respect to pi. However, both densities of states near 
the Fermi level are very similar. This implies that in suit¬ 
able conductance experiments, the conductance through 
both dots Gi{V) are proportional. These experiments 
correspond to asymmetric arrangements such that the 
coupling to source and drain leads differ by a factor of 
the order of 10 or larger, and Gi{V) = dli/dVi is mea¬ 
sured, where li is the current through dot i and Vi is 
the voltage of the lead (source or drain) less coupled to 
dot *.[ 2 ^ This is a situation similar to that in scanning- 
tunneling-spectroscopy experiments. In the conditions of 
Fig. [TUlbottom, Gi{V) / G2{V) = H 1 /H 2 , where the con¬ 


stant asymmetry factors are Ai = dFs^F_Di/(r 5 i d-F oiY- 




FIG. 10: (color online) Spectral density of dot 1 (black) and 
dot 2 (red) as a function of energy for Fi = 1, r 2 = 0.9, 
El = -4 and (a), (b): S ^ -0.0305 and T = 0.37 10■^ (c), 
(d): 5 = -0.029 and T = 0.25 10"^ 


VI. SUMMARY AND DISCUSSION 

We have considered an Anderson model that describes 
two capacitively coupled quantum dots, each one con¬ 
nected to a drain and a source lead. We have inves¬ 
tigated the possibility that the SU(4) symmetry, lost at 
the Hamiltonian level when the total coupling to the leads 
are different (Fi 7 ^ r 2 ), can be restored at low energies as 
an emergent symmetry. by changing the difference of 
on-site energies i5 = E 2 — Ei. We find that for small tem¬ 
peratures (specifically lower that the Kondo temperature 
of the SU(4) Kondo effect it is possible to tune 






















6 such that the Kondo resonances for each dot sensed 
by suitable chosen conductance experiments are propor¬ 
tional. Specifically at this value of S, the conductance 
through each dot G'i(fo) in a configuration of voltages 
similar to those used in scanning-tunneling-spectroscopy 
experiments, have the same line shape within experimen¬ 
tal errors and reflect the characteristic shape of the SU(4) 
Kondo resonance in the spectral density. However, for 
this value of S, the total occupations rii for each dot are 
slightly different, pointing out the absence of full SU(4) 
symmetry at large energies. 

The temperature dependence of the conductances at 
not too high temperatures, also corresponds to the SU(4) 
regime rather that the SU(2) one, since it is given by 
the energy and temperature dependence of the densities 
Pi. However, slight differences in the line shape of both 
conductances can appear as a function of temperature, 
because both spectral densities and occupations do not 
have exactly the same temperature dependence. 

From the theoretical point of view it remains to study 
more accurately with alternative techniques, to what ex¬ 
tent the SU(4) symmetry is kept at the lowest energies. 
The NCA is not reliable at temperatures well below the 
Kondo one and the Friedel sum rule is not reproduced 
with an error of about 15 % at very low temperatures. 
Combining NRG and RPT the low-energy Fermi-liquid 
properties might be studied in detail. A difficulty for nu¬ 
merical studies is the fine tuning in 5 required to obtain 
a manifestation of SU(4) symmetry in a given property. 
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